Vascular access stenosis in patients undergoing chronic hemodialysis is a major issue that is associated with increased morbidity, mortality, and cost of medical care. Recent data have emphasized that endovascular stents could be used in the treatment of central as well as peripheral stenotic lesions. In general, a peripheral or central vein lesion that is elastic or recurs within a three-month period after an initially successful balloon angioplasty or a stenosis where surgical revision is not possible are some indications for intravascular stent placement. Recent reports have expanded the role of stents in the management of pseudoaneurysms associated with dialysis access. In this context, the utilization of these devices must take into account a fair comparison with the traditional (surgical) approaches regarding effectiveness as well as costs. This report describes the role of stents in arteriovenous dialysis access. In addition, some of the recent advances in the structure and complicating issues such as stent fracture, migration, and infection, as well cannulation through the stent, are discussed.
T he word "stent" originates in the dentistry literature to describe a molding compound invented by Charles Stent in 1856 (1) . Stents have since come to be known broadly as any structure that provides support for tissues in vivo. The concept of intravascular stent placement grew directly out of cardiology experience with early percutaneous transluminal angioplasty (PTA). Although the artery would be dilated successfully using a balloon, in a small percentage of cases, it collapsed shortly thereafter. This phenomenon came to be known as "elastic recoil" and necessitated emergency bypass graft surgery until the advent of the stent. In 1986, Puel and Sigwart (2) deployed the first coronary stent. This "scaffold" functioned to prevent vascular closure during PTA, and it reduces the incidence of coronary restenosis in the modern era (3) . Indeed, coronary percutaneous intervention is currently the most common and largely successful medical procedure in the world, due in no small part to the advent of endovascular stent placement (3) (4) (5) .
While the insertion of stents in the coronaries has been largely successful, conflicting data continue to surround their use in the discipline of hemodialysis access. Clinical scenarios such as insertion of a stent at the vein-graft anastomosis versus the creation of a secondary fistula when possible, continue to perplex the interventionalist (6, 7) . Such management uncertainties are particularly important for three main reasons. First, they can lead to underutilization and consequent loss of deviceassociated benefit. Second, they can result in the overutilization of stents, resulting in an increase in device-associated complications in the absence of their undisputed benefit. Third, they can cause a tremendous increase in the cost of medical care. Indeed, recent information from United States Renal Data System (USRDS) is reporting a marked increase of stent placement in hemodialysis access ( Figure 1 ) (8) . While the total number of access interventions increased from 52,380 to 98,148 (a 1.8 fold increase), the number of stent placements has increased from 3792 to 8514, a 2.2 fold increase (Table 1) (8) . Of note, the relative percentage growth of stent placement has outpaced that of angioplasty each year during the same time period (Figure 2 ) (8) .
The concerns associated with use of intravascular stents are critically important as vascular access assumes a more central role in nephrology. This report familiarizes nephrologists with the current understanding of intravascular stent placement in the management of dialysis-access stenosis. The use of stents in the peripheral and central vasculature is addressed and the role of stents for the obliteration of aneurysms and ruptured vessels is also depicted. In addition, some recent advances in the structure and complicating issues, such as stent fracture, migration, infection, as well cannulation through the stent, are also discussed.
Stents and Peripheral Venous Stenosis
Some of the studies evaluating the role of stents in the treatment of peripheral hemodialysis access lesions are presented ( Table 2 ). The insertion of an intravascular stent in a patient with dialysis access followed soon after coronary stent placement. Zollikofer et al. (9) were the first to report stent deployment in the outflow track of an arteriovenous fistula (AVF) or The authors concluded that this type of stent (nitinol alloy) is safe and effective for treating dialysis-access venous stenoses that are resistant to standard angioplasty. While the results were encouraging, the study had several limitations. In addition to the lack of randomization, AVGs and AVFs were mixed in the analysis, the type of lesion (e.g., inflow, outflow, or central) was not uniform and patient characteristics (e.g., diabetic or not) were not accounted for in the analysis. The presence of these confounding factors does not conclusively establish the superiority of stents over percutaneous balloon angioplasty.
The same authors followed their initial investigation of the nitinol stent with a prospective study comparing stent placement with PTA (25) . A nonrandomized study was conducted in 60 patients with AVG dysfunction. The indications for stent placement were similar to previous studies and included acute PTA failure, rapid restenosis, and vessel perforation. Thirtyfive patients showed a response to PTA alone. The remainder received stents. Restenosis after intervention was less frequently observed in the stent group compared with angioplasty alone (7% versus 16%, P ϭ 0.001). The primary graft patency was 5.6 mo after PTA and 8.2 mo after stent treatment (P ϭ 0.05). Interestingly, the authors noted that the primary patency was similarly improved for stents placed across the level of the elbow joint.
Differences exist in patency rates between forearm and upper arm arteriovenous accesses. Kolakowski et al. (26) performed a prospective, nonrandomized study on 61 subjects comparing the use of stents in the forearm versus the upper arm. The primary patency rates at 3, 6, and 12 mo in the forearm group were 36.4%, 15.6%, and 0%, respectively. This did not compare favorably with the 59.5%, 34.0%, and 17.0% primary patency rate observed for upper arm grafts (P ϭ 0.0307). Secondary patency rates did not differ between the distal and proximal arm with rates of 40.9%, 40.9%, and 30.7%, over the above-time interval, for forearm grafts, and 64.9%, 42.3%, and 19.7% for upper arm grafts (p ϭ NS). Although the latter investigation was an important contribution in that it was prospective and attempted to define the role of access location, it did not compare stent outcomes with angioplasty directly.
While patency of the access circuit is crucial, the patency of the stent per se (target lesion) may also be an important consideration. In one study, 70 subjects were retrospectively evaluated with stent placement (27) . The primary patency of the vascular access was 81%, 70%, and 54% at 1, 3, and 6 mo. Secondary patency of the vascular access was 89%, 82%, and 74% at 3, 6, and 12 mo. Interestingly, the primary patency of the stent per se was 96%, 93%, 87%, and 47% at 1, 3, 6, and 12 mo. This investigation suggests that other areas of the access circuit are the likely culprits in its ultimate demise.
Whereas the aforementioned studies have primarily focused on the patency rates, a recent study included the assessment of post-stent access blood flow and urea reduction ratio (URR) determination (28) . In this retrospective study (n ϭ 211), the primary assisted AVG patency was significantly longer for the stent group as compared with angioplasty, with a median survival of 138 versus 61 d, respectively (P Ͻ 0.001). The primary AVG patency for stent versus angioplasty was 91% versus 80% at 30 d, 69% versus 24% at 90 d, and 25% versus 3% at 180 d, respectively. The primary assisted AVF patency did not differ significantly between the stent and angioplasty groups. In patients dialyzing via AVF, multiple regression analysis revealed that stent placement was associated with improved after-intervention peak blood flow (Qa), 1627.50 ml/min versus 911.00 ml/min (P ϭ 0.008), change in Qa from before to after intervention, 643.54 ml/min versus 195.35 ml/min (P ϭ 0.012), and change in URR from before to after intervention, 5.85% versus 0.733% (P ϭ 0.039). All of the stents in this study were uncovered, nitinol stents. Although limited by its retrospective design, these results suggest that stent placement in the modern era may be associated with improved AVG primary patency and improved AVF blood flow.
It is important to note that the use of stents in dialysis access stenosis has represented an off-label use of this device in dialysis applications. However, a recent multi-center, randomized study that evaluated the role of a covered stent (FLAIR; Bard Peripheral, Tempe, AZ) in the treatment of vein-graft anastomotic stenosis was the first to bring this device to approval by FDA (http://www.fda.gov/cdrh/pdf6/p060002.html). A total of 227 patients were included in this study at 16 US investigational sites. The safety and effectiveness of the covered stent compared with percutaneous balloon angioplasty was evaluated. Patients (n ϭ 97) were randomized to the treatment (a covered stent [stent graft]) or balloon angioplasty procedure (n ϭ 93). The results revealed that the treatment area primary patency at six months in the stent graft group was significantly higher than that found in the balloon angioplasty cohort (stent graft ϭ 50.55%, angioplasty ϭ 23.28%; P Ͻ 0.001). Importantly, this study also evaluated the primary patency of the entire access circuit. The access circuit primary patency ended when an intervention was performed anywhere within the circuit for stenosis or occlusion. A surgical intervention that excluded the index stenotic area from the access circuit also ended the access circuit primary patency. The results demonstrated that the primary patency for the access circuit at six months in the stent graft group was significantly higher than that found in the balloon angioplasty cohort (stent graft ϭ 38.04%, angioplasty ϭ 19.77%; P Ͻ 0.001). Based on the findings of this study, FDA has recently approved the use of this stent graft in the treatment of vein-graft anastomotic stenosis. This is the first and thus far the only stent graft that is approved by FDA for use in dialysis access.
Stent and Thrombosed Access
The above-cited studies have assessed the role of endovascular stent placement in patent accesses. Recently, however, stents have been employed in the treatment of thrombosed accesses. In one study, Maya et al. evaluated whether graft patency following thrombectomy is improved by placement of a stent in the stenotic lesion (29) . Using a prospectively collected computerized vascular access database, the authors identified 14 patients with thrombosed AVGs treated with a stent at the venous anastomosis. The outcomes of these grafts were historically compared with those observed in 34 demographi-cally matched control patients whose thrombosed AVGs were treated with PTA alone. The primary patency rate was greater for the stent group, with a median survival of 85 versus 27 d (P ϭ 0.02). The secondary patency rate was also greater for the stent group, with a median survival of 1215 versus 46 d (P ϭ 0.049). The strength of this investigation is that the authors focused only on AVGs, that only the subset of patients with thrombosed accesses was analyzed, and that the location of the stenoses was restricted to the venous anastomosis.
Why would the patency of a stent that was deployed in a thrombosed access be any different than the patency of a stent deployed in a patent access? To the best of the authors' knowledge, at present, there are no prospective studies comparing stent patency for thrombosed versus patent access. It is worth mentioning that, in general, patency for a thrombosed access (stent or no stent placed) is inferior to a patent access. Thrombosed and patients with patent accesses perhaps should be viewed as two different populations. For example, why do some individuals with stenosis thrombose and continue to experience recurrent thrombosis despite good treatment of stenosis, while others continue to remain patent for the same degree of stenosis. Certain differences exist in the thrombectomy procedure and percutaneous balloon angioplasty procedure. For example, a thrombectomy procedure is liable to cause more luminal damage and leave the luminal surface thrombogenic at the conclusion of the procedure. The nature of the procedure might make patients undergoing a thrombectomy procedure more vulnerable to subsequent thrombosis. The evidence for this was first provided by T.M. Vesely. Using angioscopy, Dr. Vesely inspected the inner surface of an arteriovenous graft and found it to be damaged due to the procedure. While stent in the target lesion might remain patent, the thrombogenic surface so created will cause the demise of the access and terminate patency of the circuit. Other factors such as coagulation abnormalities might lead to access thrombosis in certain patients.
Stents and Central Venous Stenosis
Some of the studies evaluating the role of stents in the treatment of peripheral hemodialysis access lesions are presented ( Table 3 ). The role of stent placement in the treatment of central venous stenosis (CVS) is widely regarded as less controversial than in the peripheral veins. Indeed, the Society of Interventional Radiology (SIR) guidelines have indicated stent placement for central vein lesions (30) . Some investigators have even argued that central venous lesions represent a primary indication for stent placement due to the poor outcome usually found with balloon dilation alone (18, 31) . The work of Gerald Beathard supports this assertion (32) . In his seminal study, lesions were classified by location and type (32) . Central lesions had the worst secondary patency with only 28.9% of all lesions remaining patent at 180 d, compared with a secondary patency 61.3% for peripheral lesions treated with PTA alone (P Ͻ 0.01) (32) .
An earlier study from the 1990s evaluated the use of stents in 52 hemodialysis patients with 56 lesions (33). Thirty-two lesions were in central veins and 24 were in peripheral veins. Stents were placed immediately after failed angioplasty in 39 patients. The primary patency rate was 46% at 6 mo and 20% at 12 mo. The assisted patency rate was 76% at 6 mo and 33% at 12 mo. In this study, the causes of recurrence included intimal hyperplasia in or near the stent, stent slippage, and stenosis in another part of the access circuit. Complications included two stent migrations due to central line placement and one stentrelated pseudoaneurysm. Although in this study the outcomes were not reported separately for central versus peripheral lesions, the authors state that the patency rates were similar among the various lesion locations.
While intravascular stents have been inserted following failed angioplasty, Haage et al. (34) , in 1999, analyzed the effectiveness of stent placement as the primary treatment for central venous obstruction in hemodialysis patients. Fiftyseven stents were placed in 50 patients with access dysfunction and arm swelling due to CVS. The primary patency rates were 92%, 84%, 56%, and 28% at 3, 6, 12, and 24 mo. Secondary patency was 97% at 6 and 12 mo, 89% after 24 mo, and 81% after 36 and 48 mo. Seventy-three episodes of restenosis occurred during the duration of the study. Nineteen cases (26%) necessitated additional stent placement. Aytekin et al. (18) evaluated the efficacy of stent placement for treating upper extremity CVS in 14 hemodialysis patients. The 1, 3, 6, and 12 mo primary patency rates were 92.8%, 85.7%, 50%, and 14.3%. Repeat interventions, including PTA and additional stent placement, were required in nine patients (64%). The 3-, 6-, 12-mo, and 2-yr secondary patency rates were 100%, 88.8%, 55.5%, and 33.3% (18) . It is important to note that the investigators placed central vein stents as a primary treatment for central stenosis; there was no attempt at initial angioplasty.
In contrast to these relatively modest outcomes, one study achieved an enviable 70% primary patency at two years (16) . Fifteen stainless steel stents were implanted in 10 hemodialysis patients for the treatment of symptomatic CVS. Stent deployment functioned to relieve symptoms in all cases. Although limited by its small sample size, this was the first study to describe the outcomes of stent placement exclusively in central lesions.
Sprouse et al. (35) similarly endeavored to determine the success of percutaneous therapy for relieving symptoms and maintaining central venous patency in hemodialysis patients with CVS. PTA or stent placement or both were performed as indicated in 32 lesions. PTA was followed by stent placement in six cases (19%). Patient symptoms were controlled for 6.5 mo after the initial intervention. Recurrent edema led to additional PTA in 20 cases (63%). Fifty percent of the patients in the study with an AVF experienced recurrent symptoms after initial intervention and required access ligation. Importantly, the authors observed that complete resolution after the initial PTA was predictive of long-term success (35) .
While stent placement can resolve symptoms of CVS, restenosis within a previously deployed stent is a commonly observed phenomenon. Maya and colleagues (36) recently investigated the primary and secondary patency of stent placement in cases of symptomatic CVS. Using a prospective vascular access database, the authors retrospectively identified 23 pa- Levit et al. (37) speaks to the issue of asymptomatic central lesions. In this study, 86 patients with asymptomatic CVS were identified upon referral for venogram. The authors excluded patients with arm swelling, multiple CVS, indwelling catheters, and already indwelling stents at the first encounter. The mean degree of CVS before intervention was 71% (range, 50%-100%). No cases of untreated CVS progressed to symptoms. Meanwhile, mean progression was 0.21 percentage point per day in those patients whose asymptomatic CVS was treated with PTA (P ϭ 0.03). Indeed, 80% of the interventions were followed by CVS escalation. The authors concluded that PTA of asymptomatic CVS greater than 50% in the setting of hemodialysis access maintenance procedures is associated with more rapid stenosis progression and escalation of lesions, compared with a nontreatment approach. These results, although very provocative, do not speak to the issue of stent placement per se; it is conceivable that stent placement in the intervention arm of the study would have demonstrated a better outcome than with angioplasty alone (37) . Additionally, the small sample size and retrospective design of the study do not allow us to draw definitive conclusions.
Recently, investigators have endeavored to determine the difference in access patency for CVS between patients with AVF and those with AVG. Thirty-eight patients underwent 89 interventions (83 angioplasty procedures and six stent insertions). Technical and clinical success of the interventions was somewhat low at 93.3% and 94.4%. The primary patency rates at 3, 6, and 9 mo in the AVF group were 88.5%, 59.4%, and 46%. In the AVG group, the rates were 78.1%, 40.7%, and 16%. With multivariate analysis, intervention patency remained significantly longer for fistulas (P ϭ 0.014) and in patients who did not have a previous catheter (P ϭ 0.001). Unfortunately, stent and angioplasty were not directly compared in this study (38) .
Similar to the studies already mentioned, several other investigations have been published, which suffer from a number of limitations (39 -45) . These include a small sample size, observational rather than controlled methodology, and a lack of uniform indication for stent placement. In many ways, the published data for central lesions are more problematic than for peripheral lesions. It is somewhat surprising, therefore, that the use of stents in the treatment of central stenosis is considered to be less controversial than their use in the peripheral vessels of hemodialysis patients. A closer look at the published literature argues persuasively that stent placement should be examined further before it is embraced for central, while rejecting it for peripheral, lesions.
It is worth mentioning that perhaps the reason that the use of stents in the treatment of central stenosis is considered to be less controversial than in peripheral stenosis owes to the fact that surgery is simply not a good option for central lesions. Surgical management of central venous stenoses is difficult, expensive, and can be associated with significant morbidity. This is why percutaneous methods (PTA, stents) have supplanted surgery for management of central venous stenoses. Furthermore, Davidon et al. have suggested that the central vasculature may be more susceptible to elastic recoil than the peripheral vasculature (46) . Despite these observations, no conclusive patency benefit for stent insertion has been found compared with angioplasty alone.
Advances in Stent Technology
Like many innovations in the field of percutaneous intervention, the first study on an endovascular stent was reported by Charles Dotter in 1969 (47) . Due the technological limitations of Dr. Dotter's time, further developments did not take place until the early 1980s, when Maas et al. (48 -50) started experimenting with a self-expanding "double helix spiral prosthesis." Using heat-treated metal bands of inert steel in the form of a double helix spiral, an expandable prosthesis of variable diameters up to 35 mm was constructed. In animal experiments, the double helix spiral stents were completely endothelialized within 6 wk, and intimal reaction was largely insignificant. These early stents were introduced clinically for the first time in 1982 in two patients with aortic aneurysms, but applications in the venous system were soon to follow (51) . Some of the commonly used stents are presented in Table 4 .
Endovascular stents used for arteriovenous dialysis access fall into four major categories (54) . These include balloon expandable, self-expanding, covered, and drug-eluting stents. Balloon expandable stents are mounted on a balloon and are deployed using balloon inflation. These stents can be crushed. Since many stents are placed in peripheral veins, these stents may not be suitable for this situation. However, they are particularly useful for highly elastic central venous stenosis where precise location is desired. Self-expanding stents come preloaded on a sheath and expand without a balloon. They can be made up of stainless steel or nitinol. Compared with stainless steel, nitinol stents do not shorten during placement. Nitinol is a nickel-titanium alloy with unique thermal recovery (commonly known as "smart metal") properties (53, 54) . If nitinol wire is initially formed into a desired shape and heated to 500 degrees Celsius, it will "memorize" that shape. When cooled, the wire will become soft again and can be deformed without changing the "memorized" shape. If the straightened wire is then warmed to its transition temperature (usually body temperature for most alloys of nickel-titanium), it resumes its initially formed shape (53, 54) . This concept, "shape memory," is of particular importance in vascular access stenosis, since many of the lesions that need to be stented occur at the elbow or at tortuous intersections of veins.
Endovascular stents can also be covered with PTFE or Da-cron (stent grafts or covered stents) and can be used in a variety of situations discussed below. Drug-eluting stents provide one possible means for delivering pharmacologic interventions to the site of stenosis. Indeed, an animal study indicated that sirolimus-eluting stents may provide short-term effectiveness in porcine arteriovenous grafts (55) . Currently, clinicians have a great deal of variety to choose from when it comes to stent types, although most of the current designs are largely based on the initial concepts described above. The characteristics of various stent designs include the stent length, the stent diameter, the material composition of the wire mesh, the delivery system, and a host of more technical data. These features of the stent are critical to proper delivery and function, and are summarized in Table 4 . Most of the current stents used for the treatment of vascular access stenosis are bendable (they can be placed at the elbow joint), noncrushable (they will not permanently collapse under direct pressure) (56 -58) , are covered and bare-metal, and can be cannulated for dialysis purposes (59) .
Stents Grafts and Pseudoaneurysms
The treatment options for vascular access pseudoaneurysms have traditionally consisted of surgical revision or ligation of the access. The stents grafts (covered stents) have a particularly useful role in the treatment of pseudoaneurysms. At present, three stents grafts are available. These include Wallgraft (consists of Dacron covering a flexible braided Elgiloy stent with platinum tracer wires on the inside; Boston Scientific, Natick, MA), Viabahn (constructed with internal PTFE material supported by an external metal stent; W.L. Gore, Flagstaff, AZ), and Fluency (consists of internal PTFE material supported by an external nitinol stent; Bard Peripheral, Phoenix, AZ). All are self-expanding stents. Recently, investigators have reported on the role of these stents in the percutaneous treatment of pseudoaneurysms (60,61). The first report described two patients who presented with an expanding mass over their AVG (60) . The pseudoaneurysms were repaired in both cases by transluminally introducing a balloon-expandable stainless steel stent covered with PTFE material. The authors reported that after the procedure, both AVGs were patent at 5 and 6 mo, respectively. In the same year, Hausegger et al. (61) reported three cases in which pseudoaneurysms were walled off by percutaneous insertion of a stainless steel, PTFE covered stent. The authors reported a patency rate of the access as 8 Stainless less Balloon expanding ϳ3-25 mm 4-Ͼ12 French to 9 mo, but, interestingly, in two of the cases the stent was punctured repeatedly during follow-up and the aneurysms recurred (61) . A more systematic evaluation of this percutaneous solution quickly followed. Najibi et al. (62) reported a series of ten patients with AVG or AVF pseudoaneurysms treated with covered stent placement to exclude the lesion. On initial followup, all patients had lost the palpable pseudoaneurysm pulsation. Moreover, the access remained patent in 9/10 patients. At six months, 7/10 patients had patent access and no further issues with pseudoaneurysms (62). More recently, 11 patients had undergone endoluminal insertion of a covered stent to repair (63) . All 11 procedures were technically successful. The primary access patency rate reported in this study was 71% at 3 mo and 20% at 6 mo. While these studies demonstrated the exclusion of pseudoaneurysm, problems such as recurrence of the pseudoaneurysm and stent graft damage due to repeated cannulation continue to surround this approach.
Stent graft cannulation is a controversial area that deserves to be mentioned. To date, no study has conclusively established the safety of repeated cannulation of a stent graft. Some of the reports that have evaluated the role of stent grafts in the management of pseudoaneurysms have commented on the stent cannulation (61) (62) (63) . These analyses, however, were limited by retrospective study design and a very small sample size (three to 11 patients). While cannulation of the stent graft was clearly possible, these studies have documented that repeated cannulation through the stent could cause damage to these devices (61) (62) (63) . Indeed, stent damage by repeated cannulation has been documented by many investigators (61) (62) (63) . It is for this reason that Vesely has clearly pointed out the inability of the current stent grafts to withstand repeated needle puncture and called for a new stent graft design for cannulation application specifically (64) . The broken stent struts observed by Vesely (63) can potentially protrude through the skin and pose a threat of injury to the staff placing the patient on dialysis (Figure 3) . Additionally, such a scenario also exposes the device to the development of infection. A recent report highlighted two cases where cannulation was performed through the stent. Both developed infection and required surgical removal of the access to combat infection (65) . Indeed, the safety of cannulation through covered stent used to treat pseudoaneurysm has not been conclusively established in a prospective fashion.
Dialysis staff responsible for cannulating the access through the stent might require a specific order by the nephrologist. In this context, it is prudent for the interventionalist to communicate with the renal physician regarding the stented area and cannulation guidance. Dialysis staff should then be made aware of the stent and given specific instructions regarding cannulation to minimize infection and avoid injury. As an aside, patient education regarding the position of the stent might be important for the following reason. It is conceivable that for an access procedure, the patient might end up in a center that did not perform the original stent. In this context, the new interventionalist might find himself/herself cannulating the stented area and encountering problems. Patient education regarding vascular access is then critical. The above-cited issues gain more importance as these devices are not approved for this purpose. It is important to note that the use of covered stents in the treatment of pseudoaneurysm presents an "off label" use of these devices. While critically important, medicolegal ramifications of cannulation through a stent are unknown.
Stents and Vascular Access Emergencies
The ability of a stent to provide rescue therapy in the events of angioplasty-induced vessel rupture has been recognized for a number of years outside the field of vascular access intervention (66, 67) . This percutaneous rescue procedure is performed by keeping the guide wire across the intended lesion after the initial angioplasty is performed. If, on the postintervention angiogram, extravasation of contrast is detected, then the operator can elect to exclude the rupture by placement of a covered stent that opposes the walls of the vessel at the site of rupture. Alternatives to this form of therapy include surgical revision or ligation of the access.
The application of this technique to vascular access intervention was first rigorously described in 1997 (68) . Funaki et al. (68) reported on 23 patients who were treated with covered stent placement after venous rupture attributed to balloon angioplasty during thrombectomy procedures. Twenty-one ruptures occurred in peripheral veins and two occurred in central veins. Stent placement allowed completion of the thrombectomy in all patients. Complications were limited to hematomas in four patients. The primary patency rate of the access was 52%, 26%, and 11% at 60, 180, and 360 d, respectively. The secondary patency rate was 74%, 65%, and 56% at 60, 180, and 360 d, respectively. A pseudoaneurysm developed 6 mo after stent placement in one patient.
The following year, Raynaud et al. (69) reported a larger series with similar results. Over a five-year period, the authors performed over 2000 angioplasty procedures. Vascular rupture occurred in 40 (1.7%) cases. Covered stents were deployed in 37 of these ruptures. Importantly, this was the first study to describe the technique in AVF rather than in AVG only. Stent placement stopped the bleeding immediately in 28 cases and after prolonged inflation within the stent in four cases. A second stent had to be deployed within the lumen of the first in one case of refractory bleeding. One hematoma was drained surgically and one access occluded on the second day post-stent placement. The primary patency of the accesses at 1 yr was 48%. The 1-yr secondary patency was 86%.
More recently, an interesting case was reported in which an endovascular stent was used to repair an iatrogenic superior vena caval injury, which occurred in the setting of a catheter placement (70). The perforation in the vena cava occurred at the confluence of the inominate veins when left subclavian catheter was being inserted. The covered stent was delivered through a femoral approach while the catheter was simultaneously removed to attenuate hemorrhage. This case report represents a novel, percutaneous approach to a problem that in the past would have required emergent surgery.
The placement of an intravascular stent can effectively treat angioplasty-induced vascular rupture. Complete vascular rupture is one situation where stent placement is warranted beyond any doubt.
Complications of Stent Placement
Some of the complications associated with stent placement include shortening, migration, and fracture. Infectious complications are usually not evident until many days after the procedure.
Verstandig et al. (71) recently reported shortening and migration of covered stents after treatment of CVS in hemodialysis patients. In 70 percent of the cases there was significant stent shortening. All these cases required additional stents to be deployed to cover the target lesion. An additional two patients in this series experienced stent migration. Shortening tends to occur because, as a stainless steel stent is radially compressed, it becomes elongated (72) . Thus, when deployed, it becomes relatively foreshortened. The normal expansion and contraction of the central veins during respiration, which when combined with the geometry of the stent, can lead to a sequence of shortening-lengthening-shortening of the stent. This sequence can lead to stent movement and migration.
Tsuji et al. (73) described stent fracture in the left brachiocephalic vein (73) . The authors described a hemodialysis patient with severe left arm edema on the side of his AVF. A brachiocephalic vein stenosis was initially treated with a self-expanding stent. Eight months after this initial procedure, a stent fracture was discovered. A second stent was deployed in the lumen of the previously placed fractured stent. This technique proved efficacious over the next 9 mo, during which time the access remained patent. Similarly, a recent case report described fracture of two overlapping stents (9 ϫ 80-mm and 9 ϫ 60-mm) (74) . After 6 mo, a fistulogram revealed stent fracture. Maleux et al. (75) also reported a case of collapsed stent in the cephalic vein that led to thrombosis of a vascular access approximately one month after initial deployment (75) .
Shortly after placement of an uncovered stent, the metallic struts are covered by endothelium. The stent can become infected, however, before full endothelialization (76) . Alternatively, if a covered stent is placed, endothelialization is delayed, and infection is a risk for a longer duration of time. One report describes a fatal outcome after a stent became infected (77). Another report described a similar infectious event that was treated conservatively (78) . In the latter case, a Staph aureus infection was treated by local delivery of antibiotic into the infected stent. Nevertheless, most cases of stent infection require surgical removal of the stent. Another recent report describes the development of fever and positive blood cultures three weeks after stent placement (79) . A tagged white blood cell scan localized the infection to the stent. Due to the investigators' conviction that the patient would not tolerate surgery, six weeks of systemic antibiotics was successful in effecting complete clinical resolution of the infection. Although this last report offers a more optimistic perspective, stent infection, however rare, is a life-threatening complication that requires aggressive intervention.
Infection related to a covered stent inserted in an arteriovenous access has also been reported recently (65) . Two diabetic patients with covered stent infection were described in this analysis. One patient was seen for left upper arm brachiocephalic graft dysfunction. An 8 ϫ 40mm stent graft was placed with excellent results. Two months later, the patient presented with signs of cellulitis at the area overlying the stent with strut wire palpable just under the skin. The staff had been cannulating through the stent. Antibiotic therapy was unsuccessful. Surgical intervention was performed to remove the stent and the arteriovenous graft. Another patient was seen for a dysfunctional right upper arm brachiocephalic fistula. An 8 ϫ 60 mm stent graft was inserted with excellent results. The stented area was used for cannulation. The patient was admitted 5 mo later with sepsis and signs of cellulitis of the skin overlying the cannulated area of the stent. The blood cultures revealed staphylococcus aureus. Stent was surgically removed with loss of the access. The above-cited reports indicate that the stents can get infected particularly when they are used for cannulation. While stents are being used frequently to treat stenoses, cannulation through these devices can result infection and devastating consequences.
While the primary focus of the NKF/KDOQI guidelines as well as the National Vascular Access Improvement Initiative have been on fistula placement in incident hemodialysis patients (80,81), the creation of secondary AVFs has recently come to be viewed as an important strategy to maximize the use of fistulas in prevalent hemodialysis patients (7, 82) . A functional vascular access in the lower arm commonly results in dilation of the veins in the upper arm. These dilated veins can then be used to create an AVF when the primary access starts to malfunction. What is more, the ability of these already mature veins to accept immediate cannulation obviates the need for the catheter bridge in many cases. If, on the other hand, there is a stent in the outflow vein that prevents the relatively easy creation of a secondary AVF, the matter becomes much more complex.
The validity of a strategy to create secondary AVFs in patients with malfunctioning vascular accesses has been successfully demonstrated in a recent study (83) . In this analysis, nine patients undergoing percutaneous interventions were evaluated for secondary AVF creation. All were found to have suitable vascular anatomy and had the AVF created. The secondary fistula was successful in all nine patients with a mean follow-up of 4.8 Ϯ1.4 mo in post-AVG cases and 5.6 Ϯ 1.7 mo in the post-AVF patients. Perhaps as important, it was possible to continue dialysis without the catheter bridge in 3/9 patients. Again, if there is a stent taking up "vascular real estate" in the upper arm, the methodology described above becomes extremely difficult. Indeed, a recent report described a scenario where multiple stents placed in the outflow tract of an access completely precluded subsequent creation of a secondary AVF (6) . It is, therefore, prudent to consider the creation of secondary fistula before the insertion of an intravascular stent where a secondary fistula is a real possibility.
Summary
Despite the recent advances in knowledge, both technical and theoretical, the role of stent placement in the management of hemodialysis access dysfunction remains controversial. It will remain so until large, multi-center, prospective, randomized, controlled trials are conducted. Until studies are published that correct for the type of access (e.g., AVG or AVF), type of lesion (e.g., inflow, outflow, or central), patient characteristics (e.g., diabetic or not), and previous history of intervention, and take quality of delivered hemodialysis into account among a host of other variables that are believed to affect access outcomes, the hemodialysis access stent debate will be heard. The existing vascular access literature has attempted to address the question "to stent or not to stent." The authors would suggest that the critical question should instead evolve to "under what circumstances and in what patients are stents useful"? It is further suggested that the historical lessons from the evolution of the field of cardiology be followed to establish a national registry to help guide investigation of such questions.
